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Abstract

An x-ray flux from outside the atmosphere determines
the counting rate of an x-ray detector beneath several g/cm?
of atmosphere, but a unique inverse relationship does not
exist. Therefore x-ray astronomy data analysis requires
the computer simulation of the processes which transform assumed
x-ray energy spectra into detectors' counting rates. The
programs used by the author, E. Allen Womack, Jr., and Harvey
D. Tananbaum are presented and are applied to a specific
example. A set of conventions for presenting one's results
as an x-ray spectrum above the atmosphere is also explained.
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I. Introduction

There is no one-to-one correspondence between the counting
rate of an x-ray detector beneath several g/cm? of atmosphere
and the x-ray flux at the top of the atmosphere. This is
primarily due to two effects which cause pulse heights from a
detector not to be uniquely related to the energies of the
x-rays which produced them. The first is the sum of statistical
fluctuations in light photon and photoelectron production,
usually lumped under the familiar term "energy resolution".
The second, the escape of K x-rays from such high Z elements as
Iodine or Xenon in the detector, causes a pulse to indicate
about 30 keV less energy than the original photon actually had.
Results of calculations on this effect have been presented by
Stein and Lewinl.

Another effect of the same sort is the partial deposition
of energy by x-rays which Compton scatter in the detector and
then leave. This is important above 100 keV and is extremely
important for energies of a few MeV. This effect is neglected
here because we are mainly concerned with energies below 100 keV.
A more important effect is the increase in the detector's total
absorption probability (referred to here as efficiency) due to
the increased path length of an x-ray which has Compton scattered.
The dataz'3

Tananbaum have had such large statistical errors above 50 keV

of the author, E. Allen Womack, Jr., and Harvey D.

(where this effect is most important) that we have neglected this
effect for the time being. Calibration with radiocactive isotopes
having known intensity ratios for their gamma ray lines will be
used when the need arises.

In reference 3 the author and Harvey D. Tananbaum reported
a significant increase in the x-ray flux from Cygnus XR-1 over
a period of eight months. One of the main purposes of this
report is to allow other investigators to compare their data
with ours with the assurance that agreement or disagreement is
not due to differences in data analysis or data presentation.



This report has four parts. The first part is a descrip-
tion and listing of a program, DETMD, which generates thermal
bremsstrahlung and power law x-ray spectra, attenuates them by
the atmosphere, multiplies them by the detector's efficiency,
shifts x-rays in energy to account for K x-ray escape, and
smears the result with a gaussian, energy dependent resolution
function. The inputs to DETMD are tables of detector efficiency,
K x-ray escape probabilities, attenuation coefficients for air,
Xx-ray spectrum parameters, g/cm? of air considered, detector energy
resolution parameters, and pulse height analyzer energy thresholds.
Its purpose is to allow the user to calculate the ratio of x-ray
fluxes in several energy bands to counting rates in the corres-
ponding pulse height bands.

The second part consists of the programs we used to generate
the tables of air attenuation coefficients, efficiency, and K
X-ray escape probabilities, The efficiency and K x-ray escape
program, NAIEF, applies only to our 1 mm thick NaI crystal with
a .005 inch beryllium window. The user will have to modify it
or start from scratch to generate efficiency tables for his own
detector. The program is included here to allow others to
check our analysis and to generate sample input data for program
DETMD.

In the third part is presented a self consistent set of
conventions for presenting one's results as a graph of an x-ray
source's spectrum (above the atmosphere), thereby allowing
accurate visual comparison of different experimenters' results.

The computer programs were written in Fortran IV for the
IBM 7044, but they should run equally well on an IBM 7094 equipped
with the operating system IBSYS. For operation on the IBM 360
some numbers will have to be truncated to 7 decimal digits.

The Fortran logical designations of the input-output devices
are: 5, card reader; 6, printer; and 7, card punch. As
originally written the programs contained many statements which

caused the generation of graphs of the results on a Calcomp




digital incremental plotter. This is the cause of some structures
in the programs which seem to be awkward or unnecessary. It is
also the cause of the small step size (0.1 keV) used in all the
calculations,

II. Program DETMD

The assumed differential number spectra above the atmosphere

are

N

dn\_ E,\ -(E-E,)/kT (Eo .
(‘aﬁ)o—- A(—E—-—)e or A if
NTYPE = 1 or 2 respectively.
A = ANORM, E, = EREF, kT = EKT, N = POWER

. dn _ fdn -u(E)X
The spectrum at the detector is (a§)1 = (aﬁ)o e
y = the attenuation coefficient of air = ATTEN
X = g/cm? of air along line of sight = GRAMS.

The spectrum of energy losses in the detector is

dn _ {dn _
(§§(E92 = (aﬁ(Eal[e(E) - pa(E) pB(E)]
+(—-dn(E + E )) (E + E_ )

dE Ka'/x pa Ka

dn

€ = the efficiency of the detector, i.e. the probability that
an incident photon will interact = EFFIC

p.,= the probability that an incident photon will give rise to a
Ka photon which escapes from the detector = ESCKA

Pg= the probability that an incident photon will give rise to a
KB photon which escapes from the detector = ESCKB

EKa' EKB = energies of Ka and KB photons = 32.5, 28.6 keV for
iodine.



The pulse height spectrum is

% (E'-E)?
26 (EV)
(%%(E)) =f(g_IE1_(EI)) ————0——-—-—dE'
P4 2 210 (E')
where o (E') = aE' + b/E'
a = ASIG, b = BSIG
The four spectra are printed on four separate pages. Each is

integrated over 1 keV bands, 5 keV bands, and eight other bands
whose boundaries are the inputs CALIBxTHRESH. Following the
listing of program DETMD are some of its results for kT = 4.3 keV
and the author's detector parameters. The first page of results

is(%%) for A = 1.0 and E, = 20 keV. The next three pages are
-]

the corresponding(%%) ,(%%) ’ and(%%) for 4.0 g/cm? of air along
1 2 3

the line of sight. The last three pages are(%%) for 4.5, 5.0,
3

and 5.5 g/cm? of air. The following example illustrates how
these results are used. Absorption by 5.0 g/cm? of air along

the line of sight is assumed. One counts n = ,002 pulses/

ab
cm?sec which have pulse heights corresponding to energies between

Ea = 23.4 and Eb = 46.7 keV, If one assumes the spectrum above

the atmosphere had the form % e E/KT ith kT = 4.3 keV then the

number of incident photons with energies between E_ and E_ was

N, (kT) = R, (kT) n_, = .01666, where

ab
[
% (dn) dE
R, = -2 dE/, _ 1.19006 + .19147 + .03155 8 33
a L]
J/Eb an .11938 + .04034 + .00999
a 3

(see underlined numbers in the computer printout)




The best value of the coefficient K is
E,/kT 20

K=AE°e Rap _ 1 x 20 e**% x .002
Ey .16971
/ (dn) aE
dE
E 3
a

24.68



FORTRAN SOURCE LIST
SOURCE STATEMENT

$18FTC DETMD
DIMENSION ATTEN(190C0), EFFIC(2C0C)y ESCKA(2C00), ESCKB(2000),
1 GAUSS(2000}, CCUNT{(2000)s CTSA(40), CTSB(8)y THRESH(9), Y(2000}
NPOINT = 2000
DO 10 INIT = 1,y 2000
GAUSSUINIT) = EXP(-((FLOATUINIT - 1)/500.0)#%2)/2.0)
1C CONTINUE

CO 12 JFIX = 1y 100
EFFICUJFIX) = 1.0
ESCKA{JFIX) = Q.0
ESCKBUJFIX) = 0.0

12 CCNTINUE

READ(5y 15) (EFFIC(JA), JA = 101, 2000), (ESCKA(JB)y JB = 101,

1 20C0)y (ESCKB(JC)y JC = 101, 20C0)
15 FORMAT(10F7.5)

READ(5, 20) ATTEN
29 FORMAT(10FT.4)
50 READ(S5, 52) NDSPEC, NCATM, NORESL, NDTRSH, NDCALB, NDQUIT
52 FORMATI(611)

IF(NOQUIT.NE.O) GO VO 1000

IFINDSPECJ.NELL) GO TO 60

READ(5, S54) NTYPE, EREF, ANORM, TORPWR
24 FORMAT(Il, 3F7.3)
60 IF(NDATM.NE.1) GO TO 65

REAC(5y 63) GRAMS
63 FORMAT(FT.4)
65 IF(NDRESL.NE.1) GO TO 75

READ(S, 68) ASIG, BSIG
68 FORMAT(2F10.5)
15 IF{NDTRSH.NE.1) GC TO 80

READ(5, 78) THRESH

78 FORMATI6F10.4/3F10.4)

80 IF(NDCALB.NE.1) GO TO 85

REAC(S5, 83) CALI®S
83 FORMAT(F10.5)
895 CONT INUE

IF(NTYPE.EQ.2) GO TO 110

EKT = TORPWR

00 105 J0=2,NPCINT

EN = FLOAT(JD - 1)/10.0

YUJE) = ANORM#EXP(-(EN-EREF)/EKT)/(EN/EREF)
105 CONTINUE

Y(l1)=0.0

GO TO 140
110 POWER = -TORPHWR

DO 115 JE=2+NPOINTY

EN = FLOAT(JE-11/10.0

Y(JE) = ANORMe#((EN/EREF)##POWER)
115 CONTINUE

Y{1)=0.0
14C CONTINUE

GM = 0.0

ASSIGN 145 TO JRETRN

JRET = 145

GC TO 900




ISN

132
133
134
135
136
140
141
142
144
145
l46
147
150
151
154
155
160
161
162
164
165
166
167
170
171
172
173
175
176
147
200
201
202
203
204
207
210

214
216
220
221
222
224
225
226
221
236
231
234
235
236

237

145

155

16C

19C

205
21C
235

24C

2595

26C
2€5
21¢C

275

305

90¢C

901

903

FORTRAN SOURCE LIST GETMD
SOURCE STATEMENT

CONTINUE

GM = GRAMS

00 155 JG = 1, 100

Y{JG) = 0.0

CONTINUE

D0 160 JH = 101, NPOINT

Y(JH) = Y(JH)#EXP(~GRAMS*ATTEN(JH~100))

CONTINUE

ASSIGN 190 TO JRETRN

JRET = 190

GO TO 900

CONTINUE

DO 210 JI = 1, NPOINT

IF(JI-286.LT.1) GO TO 205

Y(J1-286) = Y(JI-286) + ESCKA(JII#Y(JI)
IF(JI-325.LT.1) GO TO 205

Y(JI=-325) = Y{JI-325) + ESCKB(JI)=Y(JI)

Y(JI) = Y(JI)&(EFFICLII) - ESCKA(JI) - ESCKB(JI))
CONTINUE

CONTINUE

ASSIGN 240 TO JRETRN

JRET = 240
GC TO 900
CONTINUE
DO 255 JCT
COUNTHLJCT)
CONTINUE
DO 270 KE = 1, NPOINT

E = FLOAT(KE=-1)/10.0

SIGMA=ASIG*E+BSIG#SURT(E)

CKSIG = 50.0/S5IGMA

YADJ = 0.1#Y(KE)/{2.5065%SIGMA)

DO 265 KEPRIM = 1, NPOINT

NGAUS = IFIX{FLOAT(JABS(KE-KEPRIM))#QKSIG) ¢+ 1

1IFI{NGAUS.GT.20C0) GO TO 260

COUNT(KEPRIM) = COUNT(KEPRIM) + YADJ#GAUSS(NGAUS)

GO FO 265

IF(KEPRIM.GT.KE) GC TC 270

CONTINUE

CONTVINUE

D0 275 JJ = 1, NPOINT

YiJJ) = CCUNT(JJ)

CONTINUE

ASSIGN 305 TO JRETRN

JRET = 305

GO TO 900

CONTINUE

GO T0O 50

IF{NTYPE.EQ.2) GO TO 905

WRITE(6y S01) TCRPHR

GO TO 906

FORMAT(1Hl, 4OHTHERMAL BREMSSTRAHLUNG SQURCE WITH KT = v F7.4,
1 4H KEv )

FORMAT(LH o 21HAFTER ATTENUATION BY v F7.4y 15H G/CM=s2 QOF AR
1 / 1H 32HINCIDENT SPECTRUM NORMALIZED TO y Fleb,

1, NPOINT
0.0



FORTRAN SOURCE LIST DETMD
ISN SOURCE STATEMENT

2 12H PER KEV AT v F7.4y 4H KEV )
240 905 WRITE(6, 904) TCRPHWR
241 904 FORMAT{1H], 48HPOWER LAW DIFFERENTIAL SPECTRUM WITH EXPONENT =

1 4y F7.4)
242 90& WRITE(6, 903) GMy, ANORM, EREF
243 IF(JRET.EQ.145.0R.JRET.EQ.190) WRITE(6, 908)
246 IF(JRET.EQ.240) MWRITE(6, 910)
251 IF{JRETLEC.305) WRITE(6y 912)
254 IF(JRET.EC.305) MWRITE(6, 914) ASIG, BSIG

257 908 FORMAT(1HO, 46HBEFORE CORRECTIONS FOR K ESCAPE AND RESOLUTION )
260 910 FORMAT(1HO, 29HAFTER CORRECTION FOR K ESCAPE )

261 912 FORMAT(1HOy» 4SHAFTER CORRECTIONS FOR K ESCAPE AND RESOLUTION )
262 914 FORMAT(1H »BHSIGMA = ,F7.5,5H%E + ,F8.5,14H*SQRT(E) KEV)

263 D0 915 KBIN=1,8

264 915 CTSB(KBIN) = 0.0

266 DO 916 JBIN = 1y 40

267 916 CTSa(JBIN) = 0.0

271 MBIN = 1

272 DO 918 KNRG = 1, NPOINT

213 NBIN = (KNRG-1)/50 + 1

2174 CTSA(NBIN) = CTSAINBIN) + C.l#Y(KNRG)
215 ENERGY = 0.1#FLOAT(KNRG-1)

276 IF(ENERGY.LT.CALIB#THRESH(1l)) GO TO 918
301 IF(ENERGY.GE.CALIB#THRESH{MBIN+1)) MBIN = MBIN + ]
304 CTSB(MBIN) = CTSB(MBIN) + O.1#Y(KNRG)
305 91& CONTINUE

307 WRITE(6, 920)

310 92C FORMAT(1HO, 6FENERGY )

311 LINMX = (NPOQINT-1)/100 + 1

312 DO 921 LIN = 1, LINMX

313 LENRGY = 10#{LIN~1)

314 LSTART = 1 + 100#(LIN-1)

315 LSTICP = LSTART + 90

316 WRITE(6, 919) LENRGY, (Y(LA), LA = LSTARY, LSTOP, 10)

323 919 FORMAT(LIH , I3, 10F10.5)
324 921 CONTINUE
326 WRITE(6, 123) CTSA, CALIBy THRESH, CTSB
327 123 FORMAT(1HO, 20HCCUNTS IN 5 KEV BINS /1HO, 10F10.5 /1H ,
1 10F10.5/1H » 10F10.5/1H »10F10.5/ 1HOs 33HCOUNTS IN BINS WITH T

2HRESHGOLDS = v FT.4, 6K TIMES /1H 4 9F8.3/1H0,8F8.5)
330 GO TO JRETRN, (145, 190, 240, 305)
331 1CCO CONTINUE
332 END




INPUT DATA CARDS FOR
THIS REPORT)
190 CARDS CCNTAINING
190 CARDS CCNTAINING
190 CARDS CCNTAINING
190 CARDS CCNTAINING
111110
1 20.C00 1.000 4.30
4.00
C.07 0.29
16.60 23.40
€6.50 8l.00
1.00GC
ol1occc
4.50
0100¢CC
5.C0
o1occCce
5.50
cooccl

PROGRAM CETMD

EFFIC FRCM 10.
ESCKA FROM 10,
ESCKB FRCM 10.
ATVEN FRCM 10.

30.30
101.00

{FOR SAMPLE RESULTS PRESENTED IN

0 TO 169.9 KEV
0 T0 199.9 KEV
0 TO 199.9 KEV
0 70 159.9 KEV

37.50 46.70 54.20
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ITII. Programs Used to Generate Inputs to DETMD

AIRAT generates a 1900 entry table of attenuation coefficients
for air between 10.0 and 199.9 kevV. This table is called TABLE
within AIRAT and is called ATTEN when used as input to DETMD.

The inputs to AIRAT are energies and Compton attenuation coefficients
for nitrogen, oxygen, and argon at these energies. The con-

stituents of air correspond to the indices 1, 2, and 3 respectively.

INTERP allows interpolation between three consecutive points
on a smooth curve by finding coefficients A, B, and C of the
quadratic Ax? + Bx + C which fits the three points. It is used
by AIRAT to find Compton attenuation coefficients in between the
tabulated values it receives as input.

El generates values of the exponential integral E,(x) =

-t
£ e %} using approximation formulae given in Reference 4.
El is used by NAIEF in calculating the probability that an
isotropically emitted iodine K x-ray escapes from the uniformly

thick sheet of NalI.

NAIEF calculates g, Py and Pg for x-rays between 10 and
199.9 keV normally incident on a 1 mm. thick NaI crystal. The

formulae used are

e(E) = 1 - e "°  yhere x, = .367 g/cm? and

E\ "2-7778
u = 124énﬂ for 10 < E € 33.23 keV

E —2.6596
u = 30.8(‘5:—3—23) for 33.23 < E < 199.9 keVv
XO
_ -M X -u  (Xo-x)
P, (E) =fd pe M %Smfa(e ¥ re @ -
o

M XEL (“ax) - ua(xo-X)E1 (ua(xo-X))>

17



X
pB(E) =.j,
(o}

DELTA = fraction of photoelectric processes taking place in

4]

HBXEI (]JBX) - UB (Xo=X)E, (118 (XO—X)))

the K shell = ,875
OMEGA = K fluorescence

AATTEN

BATTEN

ABRANC

BBRANC

“(Exa)
u(EKB) =
fraction

fraction

= 6.62

yield of iodine =
cm? /g
cm? /g

dxpe™M¥ %6wf8<%—u8x + e VMg (Xomx)

.84

x-rays which are Ku X-rays

x-rays which are K

18

B

X=-rays

L7937
.2063
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104
105
106

FORTRAN SOURCE LIST
SOURCE STATEMENT

$SIBFTC AIRAT

2%

30

35

100
500

510

515

520
550

260

INPUTY
COEFFICIENTS OF NITROGEN, OXYGEN, AND ARGON AT THESE ENERGIES)

10.C
8.96

11.50

56.00

DIMENSION ETAB(1l), SIGMA(3, 11), EPLOT(1900), TABLE(1900),
1 A(3)y B(3)y C(3)y FRAC(3), CONV(3)y, POWER(3), COEFF(3)
READ(5y 25) ETABy ((SIGMA(JK)s K = 1y 11)y J = 1, 3)
FORMAT(11F6e1711F6.2/11F6.2/11F6,2)

FRAC(1) = .7556
FRACL2) = .2315
FRAC(3) = .0129
CONVI1) = .04301
CONVI2) = .03765
CONVI3) = .01508
POWER(L) = -3.28443
POWER(2) = =3.30707
POWER(3) = =-3.071145
COLFF(l) = 77.0
COLFF(2) = 142,0
COLFF(3) = 4230.0
DE = 0.1

J =1

DO 500 N = 1y 1900
EN = N

E = (EN -~ 1.0)#DE + ETASB(1)

EPLOT(N) = E

IF(E.LT.ETAB(J)) GO TO 35

DO 30 K = 1, 3

CALL INTERP(ETAB(J), ETAB(J+1l), ETAB(J+2)y SIGMA(KyJ)
1L SIGMA(Ky J+1)y SIGMAIK, J+2)s A(K)y B(K)s C(K)})
CONTINUE

J = J+l

CONTINUE

TABLE(N) = 0.0

DO 100 M = 1y 3

TABLE(N) = TABLE(N) ¢ FRAC{M)#CONV(M)=(COEFF(M)»(E/ETAB(L1))
1 #=POWER(M) + A(M)aEea2 + B(M)sE + C(M))

CONTINUE

CONTINUE

WRITE(6,s 510)

FORMAT(1Hl, SSHPHOTON ATTENUATION COEFFICIENTS IN CM#®2/GM FOR DRY

1 AIR / 1HOy O6HENERGY )

D0 550 NA = 1y 1900, 10

IF(MOD(NA, 500).EQ.1.AND.NA.NE.1) WRITE(6y 515)
CONTINUE

FORMAT(1H1)

NB = NA + 9

WRITE(6, 520) EPLOT(NA), (TABLE(JA), JA = NA, NB)
FORMAT(1H + F4.0» 10F8.4)

CONTINUE

WRITE(7, 560) (TABLE(JB), 4B = 1y 1900)
FORMAT(10F7.4)

CALL EXIT

END

DATA CARDS FOR PROGRAM AIRAT (ENERGIES AND COMPTON ATTENUATION

15.0 20.0 30.0 40.0 50.0 ¢60.0 80.0 100.0 150.0 200.0
6672 573 4.84 4.45 4.14 3.98 3.73 3.54 3.15 2.87
8.28 6.95 5.77 5.18 4.80 4.61 4.30 4.06 3.61 3.29
36.00 28.00 19.00 15.80 13.60 12.4C 10.80 9.85 8.43 7.57
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—C

FORTRAN SOURCE LIST
SOURCE STATEMENT

$IBFTC NAIEF

C

C

C

5

DIMENSION EXPTAB(2000), EFFIC(1900), ESCKA{1900), ESCKB(1900),
L FRACKA{200), FRACKB(200)

DO 5 JtX = 1, 2000

X = FLOAT(JEX - 1)7200.0

EXPTAB(JEX) = EXP(-X)

CONTINUE

ATTENUATION COEFFICIENTS FOR IODINE K ALPHA AND BETA

AATTEN = 6.62
BATTEN = 4.66
DELTA .875
OMEGA «84

W f

RELATIVE NUMBERS OF K ALPHA AND BETA PHOTONS PRODUCED

ABRANC = ,7937

BBRANC = .2063

00 20 JOEPTH = 1, 200

DEPTH = .001835«FLOAT{JDEPTH)

«367 = THICKNESS OF NAI CRYSTAL CONSIDERED (IN G/CMus2)

20

25

35
80
100

105

HEIGHT = ,367 - DEPTH

XFA AMAX1{.0C0001, DEPTH#AATIEN)

XFo AMAX1{.000001, DEPTH*BATTEN)

XRA AMAX1{.00C001s HEIGHT®AATTEN)

XR8 AMAX1(.00C0O01, HEIGHT#BATTEN)

FRACKA(JDEPTH) = O.5#DELTA#OMEGA#ABRANC*{EXP(=XFA) + EXP{-XRA) -
1 XFA®EL(XFA) - XRA#EL(XRA))

FRACKB(JDEPTH) = 0.5¢DELTA®OMEGA*BBRANC# (EXP{-XFB) + EXP{-XRB) -
1 XFB*EL(XFB) - XRBSEL1{(XRB))

CONTINUE

DO 100 JENRGY = 1, 1900

ENRGY = 10.0 + FLOAT(JENRGY - 1)/10.0

EFFICULJENRGY) 0.0

ESCKA{JENRGY) 0.0

ESCKB{JENRGY) 0.0

IF(ENRGY.GT.33.23) GO fO 25

ATTEN = 124.0%(ENRGY/10.0)ua(-2,7778)

EFFICIJENRGY) = 140 = EXP(-.367#ATTEN)

GO TO 100

CONTINUE

ATTEN = 30.8%(ENRGY/33.23)ee(-2.6596)

CATTEN = .001835#ATTEN

DO 80 KDEPTH = 1, 200

DEPTH = .001835#FLOAT(KDEPTH)

NLAMDA = DEPTH®ATTEN®200.0 + 1.0

[F(NLAMDA.GT.2000) GO TO 35

FLUX = EXPTABINLAMDA)

DEFFIC = DATTEN®FLUX

EFFIC(JENRGY) EFFIC(JENRGY) + DEFFIC

ESCKA(JENRGY) ESCKA{JENRGY) + DEFFIC#FRACKA(KDEPTH)
ESCKB(JENRGY) ESCKB(JENRGY) + UDEFFIC®*FRACKB(KDEPTH)

CONTINUE

CONTINUE

CONTINUE

WRITE(6, 105)

FORMAT(1Hl, 6THDEC 6, 1966 PHOTOELECTRIC EFFICIENCY OF 1 MM. T
LHICK NAL CRYSTAL /1H , T5H(FRACTION OF NORMALLY INCIDENT PHOTO

oo
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114

115
116

117
120
123
124
12>
126
133
135
136
137
140

lal
142
145
146
la47
150
Ls5
157
160
161

11C

115
120

121

125

130

140

FORTRAN SOURCE LIST NAILEF
SOURCE STATEMENT

2NS THAT ARE ADSGCRBED PHOTOELECTRICALLY) /1+H0,y O6HENERGY )
00 120 NLINE = 1, 190
IF{NLINECEQ.51.0R.NLINE.EQ.101.0R.NLINE.EQ.151) WRITE(6,4110)}
CONTINUE
FORMAT(LHL)
NENRGY = NLINE + 9
NSTART = (NLINE - 1)#]10 + 1
NSTCP = NSTART + 9
WRITE(6, 115) NENRGY, (EFFIC(NA), NA = NSTART, NSTOP)
FORMAT(1IHK , [3, 10F7.4)
CONTINUE
WRITE(T7, 121) EFFIC
FORMAT({10F7.5)
WRITE(6, 125)

FORMAT(LHLl,y B8BHDEC 6y 1966 PROBABILITY THAT A PHOTON INCIDENT
INORMALLY CN A 1 MM. THICK NAI CRYSTAL )

WRITE({6, 126)

FORMAT(1H , 79H PRODUCES AN IODINE K ALPHA X-RAY WH
LICH ESCAPES FROM THE CRYSTAL /1HO, 6HENERGY )

B0 130 MLINE = 1, 190
IF(MLINE.EQ.51.0R.MLINE.EQ.101.0R.MLINELEQ.151) WRITE(5,110)
MENRGY MLINE + 9

MSTART (MLINC — 1)#10 + 1

MSTCP = MSTART + 9

WRITE(6, 115) MENRGY, (ESCKA(MA), MA = MSTART, MSTOP)
CONTINUE

WREITE(T, 121) ESCKA

WRITE(6, 125)

WRITE(6, 136)

FOKMAT(1H , 78H PRODUCES AN TODINE K BETA X-RAY WHI
1CH ESCAPES FROM THE CRYSTAL /1HOy G6HENERGY )

00 140 LLINE = 1, 190
IF{LLINE«EQ.51URLLINE.EQ.10L.0OR.LLINELEQ.151) WRITE(6,110)
LENRGY LLINE + 9

LSTART (LLINE - 1)#10 + 1

LSTOP = LSTART + 9

WRITE(6, 115) LENRGY, (ESCKB(LA), LA = LSTART, LSTOP)
CONTINUE

WRITE(7, 121) ESCKB

CALL EXIT

END
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ISN

ghwrne-o

10
11

13
L4
17
20

22
23

ISN

CNO WO

[

12

SOURCE STATEMENT

$1BFIC EL

10

20

1

1

1

FUNCTIGN ELIX)
Y = ABS(X)
X2 Yy
X3 X2#Y
IF(Y.GT.1.0)
X2#X2
Kb wY
—-ALOG(X) -
«0955199684#X3 -
RETURN
IF(Y.GT.10.0) GO TO 20
El =
1.6815348Y)
RETURN
El =
4.19160%Y)
RETURN
END

GO TO 10

W W=

SOURCE STATEMENT

$IBFTC INTERP

o
oo

SUBROUTINE INTERP(X1,
X12 X1l®w2
X2#n2
X3ne2
XL2#(Xx2 -

>

N

2 N
noHo o

X3)

1 JDET
RETURN
END

«57721566 +
«00976004%X4 +

EXP{-Y)#(X2 + 2.334733%Y +

X2y

- X1l#(X22 -
(({X2-X3)#Yl + {(X3-X1)#Y2 + (X1-X2)=Y3)/DET
((X32-X22)#Y1 + (X12-X32)#Y2 + (X22-X12)#Y3)/DeT
((X38X22-X2#X32)#Y]l + {X1#X32-X3eX12)wY2 +

FORTRAN SOURCE LIST

«99999193#Y -
«CCLlO7857%X5

FORTRAN SOURCE LIST

X'j' Yl' YZ' Y3' A' B!

X32) +

(X3#X22 -

«24991055%X2 +

«250621)1/7(X3 + 3.330657#X2 +

EXP(=Y)#{X2 + 4.,03640%Y + 1.15198)/(X3 + 5.03637+X2 +

C)

X2#X32)

(X2#X12-X1#X22)%Y3)
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IV Data Presentation

A logically complete way to present the results of the
foregoing analysis is to give the coefficient K found for each
energy interval as a function of kT or N or other parameters.

This is also a correct way if for some one value of the parameters

K is nearly the same for all energy intervals. This is essentially
the procedure followed by Clark5 in his measurement of the

spectrum of the Crab Nebula between 15 and 62 keV, Since then,
however, results of x-ray observations from balloons have been
presented as energy spectra characteristic of the x-ray sources
alone, with the effects of finite energy resolution and K x-ray
escape supposedly removed.

Our method of spectrum presentation described below is
one which approaches correctness as the range of K values for
different energy bands approaches zero for some value of a spectrum
parameter such as kT or N. Let us refer to this "best" value
of the parameter as k%. The ordinates in a graph of the

x-ray differential number spectrum, aE%%HE’ are then taken to be
N, (kT) Ny o (kT)
o , etc. where Nab(kT) is as defined in section

- L4 —
p~Ea E.-Ey

II of this report. For the abscissa corresponding to an energy
we pick the energy E' such that

band from Ej to Ek
- . N A
- E'/kT _ Njk(kT)
jk ' -
E Ek Ej
E./kT
AE, e n,
where K., = > ik
jk E
k an.. >
Eﬁ(kT) dE
B
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Thus E' is the energy at which the spectrum equals its average

value between Ej and Ek' In terms of Kjk the ordinate is
E ~
Y5k (% _-E/KT @B
Ek-E. E
JE.
J

Similarly in a graph of the differential energy spectrum,

dn . .
E m ’ the ordinate is

and the abscissa is the E' such that

ik E, -E

~ K Ep ~
-7 1 -
k.. o E /KT _ jk j o E/kKT aE
k 73 £
J

Through the point defined by ordinate and abscissa pass a

horizontal bar extending from Ej to E, and a vertical bar whose

length represents the error in the determination of'Njk, atmos-
pheric depth, and detector properties. The horizontal bar is
not to be interpreted as an error bar or as a measure of energy
resolution, but just shows the width of the pulse height channel
which yielded the data. This is our intent in references 2 and
3 and we believe it is the intent of the other workers in this
field. Our vertical error bar does not reflect any error in the
process of finding k% or finding which parameter, kT, N, or some
other, is most appropriate.

If we assume k@ = 4,3 keV and one standard deviation innab =
.002 pulses/cm?sec is .0008 pulses/cm’sec then the ordinate in

24




a graph of EE%%EE(Figure la) is

Nab(kT) .01666
= = 7.15 x 10”" photons/cm?sec keV
—Ea 23.3

Ey

and the vertical error bar extends from 0.6 to 1.4 times 7.15 x
10"%. Sso Kop = 24.68 + 9.87 and the abscissa, E' = 30.3 keV,
Note that kT = 4.3 keV implies that the flux at the middle of
the energy band, 35 keV, is very different from that at 30.3 keV.
The curved line in Figure la is the assumed spectrum at the top
of' the atmosphere. Figure 2 shows this and the pulse height
spectra our detector would produce in case there were 4.0 and
5.5 g/cm? of air along the line of sight. Figure 1B shows the

differential energy spectrum E HE%%HE . The ordinate is 1.97 x
1072 keV/cm?sec keV and the abscissa is 30.7 keV.

Of course the one datum considered in this example in no way
justifies the choice of k% = 4.3 kev, The example was taken from
an observation of Scorpius X-1. Previous observations of this
source by other groups had established the value of k%. The
example was chosen because the steepness of the spectrum neces-
sitates careful presentation of the spectral data and the weakness
of the source necessitated consolidation of data over a wide energy

range.
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